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Abstract
This paper reports on Suzaku results concerning the northeast shell of RCW 86. With both spatial
and spectral analyses, we separated the X-rays into three distinct components: low (kTe ∼0.3 keV) and
high (kTe ∼1.8 keV) temperature plasmas and a non-thermal component, and discovered that their spatial
distributions are different from each other. The low-temperature plasma is dominated at the east rim,
whereas the non-thermal emission is brightest at the northeast rim, which is spatially connected from
the east. The high-temperature plasma, found to contain the ∼6.42 keV line (Kα of low-ionized iron),
is enhanced at the inward region with respect to the east rim, and has no spatial correlation with the
non-thermal X-ray (the northeast). This result suggests that the Fe-Kα line originates from Fe-rich ejecta
heated by reverse shock. A possible scenario to explain these morphologies and spectra is that a fast-moving
blast wave in a thin cavity collided with a dense interstellar medium at the east region very recently. As
a result, the reverse shock in this interior decelerated, and arrived at the Fe-rich region of the ejecta and
heated it. In the northeast rim, on the other hand, the blast wave is still moving fast, and is accelerating
electrons causing them to emit strong synchrotron X-rays.
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1. Introduction
RCW 86 (G315.4–2.3) is one of the historical Galactic
supernova remnants (SNRs), a possible remnant of super-
nova in AD 185 (Stephenson & Green 2002). The dis-
tance to RCW 86 was determined to be 2.8 kpc by optical
observations (Rosado et al. 1996); we assume this value
here. The ASCA observations discovered synchrotron X-
rays from the southwest (SW) and northeast (NE) shells
of RCW 86 (Bamba et al. 2000; Borkowski et al. 2001),
which indicates that the energy of the electrons reaches up
to ∼100 TeV by shock acceleration, similar to the mech-
anism in SN 1006 (Koyama et al. 1995).
Another remarkable discovery with ASCA is the
∼6.4 keV line in the spectra of the SW (Vink et al. 1997)
and NE rims (Tomida et al. 1999) of RCW 86. Since
the center energy of the line is consistent with Kα from
neutral Fe, a fluorescent origin had often been proposed
(Vink et al. 1997; Tomida et al. 1999). However, Bamba et
al. (2000) and Borkowski et al. (2001) showed that the X-
ray spectrum of the SW shell was could be represented by
a three-component model; two thin-thermal plasmas with
low (∼0.3–0.8 keV) and high (>5 keV) temperatures, and
a non-thermal component. The Fe-Kα line was explained
by the high-temperature plasma with an extremely low
ionization parameter (τ = net) of ∼ 10
9 cm−3 s.
Rho et al. (2002) observed the SW shell with Chandra,
and spatially resolved the low-temperature plasma and
non-thermal emission. Since the low-temperature plasma
is spatially correlated with optical Hα emission, they con-
cluded the origin to be a blast wave. On the other hand,
the non-thermal emission is localized at the inner region
of the low-temperature plasma; hence, the origin was sug-
gested to be reverse shock. They found, furthermore,
that the Fe-Kα correlated with the non-thermal emis-
sion, and suggested that the Fe-Kα line originates from a
high-temperature plasma of Fe-rich ejecta heated by the
synchrotron-emitting reverse shock. However, the mor-
phology of the Fe-Kα emitting region could not be deter-
mined.
Recently, the SW region of RCW 86 was observed
with the X-ray Spectrometers (XIS; Koyama et al. 2007)
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Fig. 1. 0.5–1.0 keV (left) and 3.0–6.0 keV (right) intensity contours overlaid on the Fe-K map (gray scale) smoothed with a Gaussian
kernel of σ=1.1 arcmin. The coordinates (RA and Dec) refer to epoch J2000.0. The Field of view of the XIS is indicated by the black
squares, where the data from the four XIS are combined, but that of the four corners, irradiated by the 55Fe calibration sources,
are removed. The scales of contours and gray scale are linear, and these ranges are from 0 to 6.3× 10−2 counts s−1 arcmin−2 (red
contour), to 1.6×10−2 counts s−1 arcmin−2 (blue contour), and to 2.0×10−3 counts s−1 arcmin−2 (gray scale). The green ellipses
and the triangles are the source and background regions, respectively. The blue rectangle indicates the region where the projection
profiles are extracted (see figure 2).
aboard the new X-ray satellite Suzaku (Mitsuda et
al. 2007). Utilizing the good sensitivity and spectroscopic
performances of the XIS in the energy band of Fe-K lines
for diffuse sources, Ueno et al. (2007) determined the cen-
ter energy of the Fe-Kα line to be 6404 (6400–6407) eV,
which indicates the emission is from low-ionized iron less
than Si-like (FeXIII). Furthermore, they revealed the Fe-
K line morphology for the first time and discovered its
distribution is spatially different from that of the non-
thermal emission. They thus confirmed that the origin of
the Fe-Kα is not fluorescence caused by supra-thermal
electrons, nor non-thermal X-rays, and concluded that
a more likely origin is a high-temperature ejecta in ex-
tremely ionization non-equilibrium.
The NE region of RCW 86 also exhibits Fe K-shell
emission (albeit the flux is less than that of SW) as well
as soft thermal and non-thermal X-rays (ASCA: Tomida
et al. 1999). Therefore, this region would be another
good place to solve the puzzle concerning the origin of
Fe-Kα related to the thermal and non-thermal emission
in RCW 86. Chandra and XMM-Newton revealed that
the soft-thermal and non-thermal emission filaments join
smoothly along the outer shell (Vink et al. 2006). They,
however, failed to detect Fe-Kα from this region, possibly
due to the limited sensitivity and high background level
near the Fe K-shell energy. We therefore observed the NE
shell with Suzaku to see if the Fe-Kα is really present or
not. If present, we will study its morphology and spectra
to reveal the origin.
2. Observations and Data Reduction
The Suzaku observation of the NE region of RCW 86
was made on 2006 August 12 (Observation ID =
501037010), using the four XIS placed on the focal plane of
an X-Ray Telescope (XRT; Serlemitsos et al. 2007). The
XIS consists of three Front-Illuminated (FI) CCDs and
one Back-Illuminated (BI) CCD. The advantages of the
former are high detection efficiency and low background
level in the energy band above ∼5 keV, while the latter
has significantly superior sensitivity in the energy band of
<
∼1 keV with moderate energy resolution. All four XRTs
are co-aligned to image the same region of the sky. The
XIS were operated in the normal full-frame clocking with
the 3× 3 or 5× 5 editing mode. We employed cleaned
revision 1.2 data, and used the HEADAS software version
6.0.4 and XSPEC version 11.3.2 for the data reduction
and analysis. After screening, the effective exposure time
was obtained to be ∼53 ksec. The response matrix files
(RMF) and ancillary response files (ARF) were made us-
ing xisrmfgen and xissimarfgen (Ishisaki et al. 2007) ver-
sion 2006-10-17.
The errors quoted in the text and tables are at the 90%
confidence level, and the 1σ confidence level in the figures,
unless otherwise stated.
3. Analysis and Results
3.1. XIS Image
We show the Fe-Kα intensity map in figure 1 in gray
scale. This map was made from the 6.3–6.5 keV (the Fe-
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Table 1. Best-fit parameters of 3–10 keV fittings.
Component Parameter East NE
Power-law Γ 3.18 (3.02–3.31) 2.96 (2.88–3.05)
Flux∗ 1.10 (1.07–1.14) ×10−4 2.44 (2.39–2.48) ×10−4
Surface brightness∗ 2.68 (2.61–2.78) ×10−6 1.36 (1.33–1.38) ×10−5
Gaussian Center (eV) 6424 (6404–6444) 6424 (fixed)
Width† (eV) <90 0 (fixed)
Flux‡ 7.1 (5.8–8.3) ×10−6 <8.1 ×10−7
Surface brightness‡ 1.7 (1.4–2.0) ×10−7 <4.8 ×10−8
χ2/d.o.f. 146/192 = 0.76 204/234 = 0.87
∗ Photon flux (photons cm−2 s−1) and surface brightness
(photons cm−2 s−1 arcmin−2) in the 3–10 keV band.
† One standard deviation (1σ).
‡ Total flux (photons cm−2 s−1) and surface brightness
(photons cm−2 s−1 arcmin−2) in the line.
Kα band) image by subtracting the continuum level in
this band, which was estimated with a power-law model
(with photon index of 3) fitting for the 5.0–6.2 keV contin-
uum spectrum. For comparisons with the soft and hard
X-ray fluxes, we overlaid intensity contours of the 0.5–
1.0 keV band (figure 1 left) and the 3.0–6.0 keV band
(figure 1 right). No spatial correlation between the Fe-
Kα and the hard X-ray emission was found. Moreover,
the soft X-ray emission is systematically shifted outward
with respect to the Fe-Kα emission. As we show in sub-
section 3.3, the 0.5–1.0 keV emission is dominated by an
optically thin thermal plasma with an electron tempera-
ture of ∼0.3 keV, and the Ne IX-Kα line is the major emis-
sion of this component. We then made projection profiles
of the Ne IX-Kα line band (0.87–0.94 keV), and the Fe-
Kα band (6.3–6.5 keV), in the position given in figure 1
left. The result is shown in figure 2. We can see that the
peak of Fe-Kα is significantly shifted to the inner region
from the soft emission (Ne IX-Kα). With the fitting of a
Gaussian-plus-constant model, the peak positions (right
Fig. 2. Projection profiles (along Right ascension) of the
Ne IX-Kα band (cross; 0.87–0.94 keV) and the Fe-Kα band
(circle; 6.3–6.5 keV) for the blue rectangular region given in
figure 1 left. The bin-size of the former corresponds to ∼0.′28,
while that of the latter is ∼0.′69.
ascensions) of the soft plasma and Fe-Kα are found to be
separated by 2 arcmin.
3.2. Spectrum in the Hard X-Ray Band
For a quantitative study, we extracted the representa-
tive XIS spectra from two elliptical regions: the East and
NE (see figure 1), where the soft X-ray and Fe-Kα, and
the hard X-ray flux are the brightest. We did not divide
the former two diffuse emissions because the separation
between them is comparable to the angular resolution of
the XRT (∼2′: Serlemitsos et al. 2007), and they are over-
lapping each other. The solid angles of these ellipses are
pi×4.′2×3.′1 = 41 arcmin2 and pi×3.′5×1.′6 = 18 arcmin2,
respectively. The background data were taken from the
outside of the remnant (the solid triangles in figure 1). For
the background spectra, we excluded point-like sources
at (14h46m03s,−62◦22′30′′) and (14h46m03s,−62◦19′01′′),
and the CCD corners, which contain the 55Fe calibration
source.
We first determined the Fe-Kα line parameters. The
background-subtracted spectra in the 3–10 keV band in
Fig. 3. XIS 3–10 keV spectra extracted from the East region.
Black and gray represent FI (sum of the three sensors) and
BI, respectively. The best-fit power-law and Gaussian models
are shown by solid lines.
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Table 2. Best-fit parameters of full-band model fittings.
Component Parameter East NE
Absorption NH (cm
−2) 4.1 (3.8–4.4) ×1021 4.4 (4.2–4.5) ×1021
VPSHOCK 1 kTe (keV) 0.33 (0.30–0.37) 1.2 (0.89–1.6)
C, N, O 0.15 (0.11–0.24) 0.15 (fixed)
Ne 0.33 (0.26–0.50) 0.33 (fixed)
Mg 0.31 (0.28–0.48) 0.31 (fixed)
Si, S 0.31 (0.19–0.43) 0.31 (fixed)
Ca, Fe, Ni 0.23 (0.17–0.36) 0.23 (fixed)
τ (cm−3 s) 7.7 (5.5–11) ×1010 6.7 (5.9–7.7) ×109
nenHV (cm
−3) 3.7 (2.4–5.8) ×1057 2.4 (2.0–2.9) ×1056
VPSHOCK 2 kTe (keV) 1.8 (1.4–2.3) –
Fe 32 (14–90) –
τ (cm−3 s) 2.3 (1.8–2.9) ×109 –
nenHV (cm
−3) 2.0 (1.1–2.6) ×1056 –
Power-law Γ 2.89 (2.45–3.28) 2.78 (2.74–2.82)
Norm∗ 1.1 (0.72–1.9) ×10−3 3.3 (3.2–3.5) ×10−3
Gain (FI) Offset (eV) –3.2 –3.2
Gain (BI) Offset (eV) –5.4 –5.4
χ2/d.o.f. 1093/1050 = 1.04 1138/1084 = 1.05
∗ The differential flux (photons cm−2 s−1) at 1 keV.
the East region is shown in figure 3. Since the data from
the three FIs are nearly identical, we merged the individ-
ual spectrum to improve the photon statistics.
We detected a clear Fe-Kα line in the spectra. We then
fitted the spectra with a power-law (for the continuum)
and a Gaussian (for the emission line). The best-fit pa-
rameters are given in table 1. The centroid energy of the
Fe-Kα line is slightly higher than that of the emission
line from neutral iron (6400 eV). Although the absolute
energy calibration error is reported to be as accurate as
±0.2%, above 1 keV (Koyama et al. 2007), we checked
the energy scale of each XIS sensor using the 55Fe calibra-
tion sources. We then confirmed that the peak energies
of Mn-Kα lines were consistent with the laboratory value
of 5895 eV within the statistical errors for all of the XIS
sensors. We therefore conclude that the energy scale error
in the Fe-K line band is less than the statistical error. The
best-fit energy of 6424 (6404–6444) eV constrains the Fe
ionization state to be approximately between Ar-like and
Ne-like.
For a comparison, we extracted the spectra from the NE
region in the same way as that of the East, and fitted the
spectra with a power-law plus a Gaussian. Since we could
see no clear the Fe-Kα line, we fixed the center of the
Gaussian to be 6424 eV, and determined the upper limit
of the line flux. The result is given in table 1. The surface
brightness of the Fe-Kα and the power-law component in
the NE are at least ∼3-times smaller and ∼5-times higher
than those in the East region.
3.3. Full Band Spectrum
Figure 4 shows the 0.4–10 keV spectra from the regions
of East and NE. The data reduction is the same as de-
scribed in subsection 3.2. We can clearly see several emis-
sion lines below ∼2 keV in the East spectra. This suggests
that the soft X-rays are dominantly from an optically thin
thermal plasma. Therefore, we fitted the spectra from
the East region with a thin-thermal plasma model and a
power-law component. For the thermal plasma compo-
nent, we used a VPSHOCK (variable abundance plane-
parallel shock) model with the NEIvers 1.1 code (since
the NEIvers 2.0 code does not include K-shell emission
lines from low ionized Fe, we do not use this new version).
We treated the abundances relative to solar (Anders and
Grevesse 1989) to be free parameters, with the following
elements in the parenthesis fixed to be the same: (C, N,
and O), (Si and S), and (Ca, Fe, and Ni). The data in
the 1.83–1.85 keV band were ignored because of the cur-
rent calibration errors of the XIS; there is a small energy
gap (∼10 eV) at the Si K-edge that is not implemented
in the current response function. Since the absolute gain
of the XIS has an uncertainty (especially for low-energy
X-rays), we allowed a small offset in the energy scale, in-
dependently between the FI and BI.
This 2-component model gives nice fits to the soft X-
ray band including all the emission lines and the hard
continuum emission with a best-fit kTe value of the ther-
mal component of 0.38 keV and a power-law index of 2.9.
However it cannot reproduce the Fe-K line flux, with the
unacceptable χ2/d.o.f. of 1222/1054. As given in subsec-
tion 3.2, the center energy of the Fe-K line is higher than
that of Fe I, which suggests that the origin of the Fe-K line
is due to a low ionized thin-thermal plasma, but is not
the fluorescence of neutral Fe. We hence added another
thin-thermal component with a higher temperature and a
low ionized parameter. The abundances in this plasma
were fixed to solar, except for Fe. Then, the best-fit
χ2/d.o.f. was significantly reduced to be 1093/1050. The
best-fit parameters and models are respectively shown in
table 2, and in figure 4 with solid and dotted lines.
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Fig. 4. Top: 0.4–10 keV spectra of the FI (a) and BI (b) for the East. The components of the best-fit model are shown with the solid
lines [low-temperature plasma (VPSHOCK 1 in table 2) and power-law] and dotted line (high-temperature plasma [VPSHOCK 2
in table 2)]. Bottom: The spectra of the FI (c) and BI (d) for the NE. Since these spectra have no significant Fe-K line, the
high-temperature plasma component did not be added.
We next fitted the spectra of the NE region. We can
see emission lines in the soft X-ray band in these spectra.
This suggests that the NE also includes a low-temperature
plasma. However, the line profiles are too weak to obtain
a reasonable fit with many free parameters of the low-
temperature plasma. We therefore fixed the soft plasma
parameters as those of the East region. Since no Fe-Kα
was found (see subsection 3.2), we did not include the
thermal component with higher temperature. Thus, nor-
malizations of the low-temperature plasma and power-law
component are free parameters. To obtain the best-fit, we
also fine-tuned a temperature and an ionization parame-
ter in the low-temperature plasma and the photon index
in the power-law component. The best-fit χ2/d.o.f. is an
acceptable value of 1138/1084. The best-fit parameters
and spectra are given in table 2 and figure 4.
The thermal plasma parameters derived for the NE dif-
fer from the values reported by Vink et al. (2006); we find
a higher τ and a lower kTe. Indeed, kTe and τ are cor-
related in the sense that both a higher kTe or a higher
τ give a higher ionization. Note that Vink et al. (2006)
used a different spectral fitting code (SPEX). Both fits
agree about the ionization state of the plasma, but differ
concerning the relative contributions of kTe and τ . For
the NE region, the exact value for kTe is difficult to de-
termine, since most of the continuum has a non-thermal
origin.
4. Discussion
From morphology and spectral analyses, the X-rays
in the northeastern quadrant of RCW 86 can be sepa-
rated into three distinct components: the low tempera-
ture (VPSHOCK 1) and high temperature (VPSHOCK 2)
thermal components both in ionization non-equilibrium,
and the power-law component. We separately discuss the
origin of these components, and finally try to give a unified
picture about them.
4.1. Low-Temperature Plasma
As shown in figures 1 and 2, the soft X-rays are dom-
inated in the outer shell of the East region. The spec-
trum is well represented by a thin-thermal plasma with
a low temperature of kTe ∼ 0.3 keV. Since the Hα fila-
ment was reported to be localized near at the East region
(Smith 1997), the low-temperature plasma (VPSHOCK 1)
is likely to be due to the interstellar medium (ISM) heated
by a blast wave.
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The metal abundances that we obtained are signifi-
cantly lower than the solar values. A sub-solar abun-
dance is also reported in the rim region of the Cygnus
Loop (e.g., Miyata et al. 2007), where an ISM component
is dominant. Therefore, shocked ISM spectra may gener-
ally show such low abundances. In the case of RCW 86,
Bocchino et al. (2000) found the thermal spectra of the
southeast and north rim show lower metal abundances
than the solar values, and claimed that this result is due
to metal depletion behind the shock. Since the abun-
dances of our result are almost consistent with those of
Bocchino et al. (2000), the same interpretation would be
accepted. However, we should note that the complexity
of our three-component model makes it difficult to deter-
mine the absolute values of the abundances. Indeed, if we
fix the Ne abundance to be solar, and fit the full band
spectra of the East region, the best-fit can be obtained
with an acceptable χ2/d.o.f. (1103/1051), and almost the
same relative abundances to those of table 2. An exact
separation of the low and high-temperature components
and the power-law component is necessary for a certain
determination of the absolute metal abundances.
The solid angle of the East ellipse in figure 1 (=
41 arcmin2) corresponds to 2.5×1038 cm2 at 2.8 kpc.
Assuming the depth of the emitting region to be 8.5 pc,
about half of the radius of the remnant, the emission vol-
ume is estimated to be V =6.6×1057 cm3. Therefore, the
emission measure (EM = nenHV ) of the VPSHOCK 1
in this region corresponds to a proton density of nH =
0.68 f−0.5
E1 cm
−3, where fE1 is the filling factor for this
component. Since the soft thermal emission concentrates
at the outer thin rim in the East ellipse (see figure 1),
the density of the low-temperature plasma is likely to be
much larger than 0.68 cm−3.
Similarly, the density of the VPSHOCK 1 in the NE re-
gion is estimated to be nH=0.26 f
−0.5
N1 cm
−3, where fN1 is
the filling factor for the VPSHOCK 1 in the NE. Although
several uncertainties remain (e.g., the filling factors, the
temperature difference between the East and NE), the
density of the swept-up ISM may be larger at the East
rim than at the NE rim. The variation of the ionization
parameter is consistent with this result, namely τ(= net)
in the East is larger than that of the NE.
4.2. Fe-K Line and High-Temperature Plasma
By imaging (subsection 3.1) and spectral (subsec-
tion 3.2) analyses, we proved that the Fe-Kα emission has
no correlation with the hard X-ray continuum. Therefore,
the origin of the Fe-Kα line is not due to fluorescence
caused by supra-thermal electrons, nor non-thermal X-
rays. It is located behind the blast wave (VPSHOCK 1)
and is over-abundant in Fe. We hence propose that the
origin of a high-temperature plasma (VPSHOCK 2) is a
Fe-rich ejecta heated by a reverse shock.
The ionization parameter in VPSHOCK 2, determined
from the center energy of Fe-Kα, is extremely low, τ ∼
2.3× 109 cm−3 s. The electron density of the ejecta com-
ponent is estimated to be ne=0.19 f
−0.5
E2 cm
−3, where fE2
is the filling factor for the VPSHOCK 2 in the East region.
We then estimate the elapsed time since the ejecta was
heated by the reverse shock: t= τ/ne=1.2×10
10f0.5
E2 sec
<
∼
380 yr. This is much less than the age of ∼1800 yr
(from the historical record), and hence the ejecta must
have been heated very recently.
The estimated mass of Fe is ∼ 0.07f0.5
E2M⊙, which is
reasonable as a portion of the ejecta, and some of the
Fe-ejecta may still remain in the interior of the rem-
nant, which has not yet been heated by the reverse shock.
However, we have to note the uncertainty in the mass
determination. Although we show in subsection 3.3 that
the spectrum of the East region is well reproduced by the
three-component model, we cannot conclude this model
is unique. We therefore, estimated the systematic error
on the Fe mass by fitting the 3–10 keV spectrum with (1)
only one VPSHOCK model (without a power-law), or (2)
a pure Fe plasma and a power-law. In both cases, we fixed
the values of kTe and τ to 1.8 keV and 2.3× 10
9 cm−3 s,
the best-fit parameters given in table 2. Then, the Fe
mass was obtained to be 0.06f0.5
E2M⊙ and 0.6f
0.5
E2M⊙ for
cases of (1) and (2), respectively. These values can be re-
garded as the lower and upper limits of the Fe mass in the
East region. Thus, there is an uncertainty of one order of
magnitude.
4.3. Non-Thermal Emission
Since the non-thermal X-rays are well represented by
a power-law with photon indices of ∼ 2.8, synchrotron
radiation is the most plausible origin. The synchrotron
filament of the NE rim is spatially connected from the soft
thermal rim (the East) along the outer shell of RCW 86
(also see figure 1 of Vink et al. 2006). Therefore, this
filament may be produced by the blast wave.
In the case of the SW rim of RCW 86, Rho et al. (2002)
and Ueno et al. (2007) suggested that the non-thermal
filament is not a blast wave, but reverse shock, because the
non-thermal filament is inside the soft thermal emission
on the SNR shell. Also the blast-wave velocity at the SW
shell (∼800 km s−1: Rosado et al. 1996; ∼600 km s−1:
Ghavamian et al. 2001) is too slow to accelerate electrons
by the standard diffusive shock acceleration theory, and to
emit intense synchrotron X-rays. Since the gas density of
the NE shell is ∼10-times lower than that of the SW shell
(Pisarski et al. 1984), it is possible that the velocity of the
NE blast wave is much higher than that of the present
SW shell. Vink et al. (2006) interpreted that the velocity
of the NE non-thermal filament should be ∼2700 km s−1.
This high speed can accelerate electrons to more than TeV
energy to produce synchrotron X-rays in the blast wave
shock.
4.4. Unified Picture for All of the Components
We propose a unified picture to explain all of the re-
sults in figure 5. A few hundred years ago, blast waves in
the East and NE rims would be expanding with the same
high velocity. However the blast wave in the East col-
lided with a dense medium very recently, and the forward
shock decelerated rapidly. At that same time, the reverse
shock behind the East rim began to move inward to the
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Fig. 5. Schematic view of the interpreted structure of the
RCW 86 northeast region.
interior of the remnant, and it heated the Fe-rich ejecta.
Since RCW 86 may be a remnant in the OB association
(Westerlund 1969), a candidate for the “dense medium” is
either a cavity wall surrounding the remnant, as suggested
by Vink et al. (1997), or a molecular cloud. We found in
the NANTEN results (Matsunaga et al. 2001) evidence of
a cloud just at the position of the East rim of RCW 86
(l=315.7, b=–2.4). We strongly propose a deeper radio
observation to reveal whether the shell of the remnant is
truly interacting with the cloud.
The forward shock in the NE rim, on the other hand, is
still expanding in a tenuous region, and hence keeps a high
shock velocity. The reverse shock behind the NE may also
expand with high velocity, and hence has not yet reached
the Fe-rich ejecta layers. This may explain the absence of
Fe-K emission behind the NE region.
5. Summary
We have analyzed Suzaku/XIS data obtained from the
northeast quadrant of RCW 86. The results and interpre-
tations are summarized as follows:
1. The Fe-Kα emission is enhanced at the inner region
from the soft thermal rim (the East region), and
has no correlation with the hard X-ray non-thermal
filament (the NE region).
2. The centroid of the Fe-Kα line (6404–6444 eV) and
the lack of Fe-L lines constrain the Fe ionization
state to be approximately between Ar-like (Fe IX)
and Ne-like (FeXVII).
3. The spectra extracted from the soft X-rays and Fe-
Kα enhanced region (the East) are well fitted with
two thin-thermal plasmas, which have different tem-
perature of kTe ∼ 0.3 keV and ∼ 1.8 keV and one
power-law with a photon index of Γ∼ 2.9.
4. The spectra extracted from the hard X-ray filament
(the NE) can be represented by a lower temperature
plasma and a power-law.
5. The lower temperature plasma has sub-solar metal
abundances. The origin of this component would be
a blast-shocked ISM.
6. The higher temperature plasma includes an over-
solar abundant iron, and has an extremely low
plasma age of τ ∼ 2.3× 109 cm−3 s. Hence it pro-
duces nearly 6.4 keV Kα lines. This component may
be Fe-rich ejecta heated by reverse shock very re-
cently.
7. The power-law component, which is the brightest
in the NE region, can be regarded as synchrotron
emission.
8. The shock front at the East rim would recently have
collided with dense ISM, after which the blast wave
decelerated rapidly, and the reverse shock began to
move toward the center of the remnant.
9. The blast wave at the NE rim may still be expanding
in a tenuous region. Therefore, it keeps a high shock
velocity for efficient particle acceleration.
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